ABSTRACT The lesser peachtree borer, Synanthedon pictipes (Grote and Robinson) (Lepidoptera: Sesiidae), is a serious pest of peach, Prunus persica (L.) Batsch, across the southeastern United States. We examined oviposition by S. pictipes on Þeld-grown Prunus scion and rootstock cultivars and two endemic Prunus spp. when sawn limbs, not roots, were assayed in the laboratory. A choice test compared oviposition on the peach scion ÔHarvesterÕ, peach rootstock ÔGuardianÕ, plum ϫ peach hybrid rootstock ÔMP-29Õ, and the plum hybrid rootstock ÔSharpeÕ. A signiÞcantly lower percentage of eggs occurred on limbs of Sharpe rootstock than other choices. A choice test using two endemic hosts, black cherry (P. serotina Ehrh.) and Chickasaw plum (P. angustifolia Marsh.), along with Sharpe rootstock, found a lower percentage of eggs on limbs of Sharpe than either endemic host. However, when only limbs of Sharpe and a decoy were used, almost all eggs were laid on Sharpe. Interestingly, when Harvester and Sharpe limbs were paired side by side, a higher percentage of eggs were recovered from the Harvester limb than from the Sharpe limb. An analysis of volatiles from Sharpe may identify why fewer eggs were laid on it. Because S. pictipes attacks host trees above ground and Sharpe rootstock on grafted trees grows below ground, this rootstock might be a management option against the congeneric, root-attacking peachtree borer, S. exitiosa (Say). Our results suggest that high budding a peach scion onto Sharpe rootstock, thus allowing the rootstock to serve as the trunk, warrants further investigation against S. exitiosa under orchard conditions.
The lesser peach tree borer, Synanthedon pictipes (Grote and Robinson) primarily occurs in eastern North America (Quaintance 1906 , Snow et al. 1985 , Johnson et al. 2005b where it commonly attacks native and commercially grown Prunus spp. including cherry [P. cerasus L. and P. avium (L.) ], peach [P. persica (L.) Batsch.], and plum [P. domestica (L.), and P. salicina Lindl.] (Girault 1907, Vogel and Neiswander 1933) . Females lay eggs on damaged bark of host plants, larvae feed on cambium of the tree trunk and scaffold limbs with pupation occurring at feeding sites (Johnson et al. 2005b , Cottrell et al. 2008 .
In southeastern U.S. commercial peach orchards, the multivoltine S. pictipes is of serious concern where larval feeding injury can girdle limbs leading to early orchard decline. Adults are active from mid-March into November with females laying eggs on trees well beyond fruit harvest when seasonal cover sprays targeting fruit-attacking pests have stopped. The costs of season-long insecticide treatments, label restrictions for application of efÞcacious insecticides (e.g., chlorpyrifos), and poor results with mating disruption all combine to make this pest difÞcult to control across the southeastern United States (Horton et al. 2000) .
Commercially available peach trees are the result of grafting a fruit-producing scion cultivar onto a rootstock cultivar (Loreti and Morini 2008) . Prunus rootstock cultivars are grown from seed or cuttings and if a scion is not grafted on it, the rootstock will continue to grow as a tree. The union of the scion and rootstock on grafted trees in orchards is generally at the soil line. The scion grows entirely above ground and, in most situations, is the only part of the grafted tree available for attack by S. pictipes. The rootstock grows below ground where it is free from S. pictipes but is otherwise commonly attacked by the highly damaging, congeneric peach tree borer, S. exitiosa (Say) (Lepidoptera: Sesiidae) (Johnson et al. 2005a) . Scions bred for use in the southeastern United States are typically selected based on fruit characteristics, chilling requirements, and disease resistance (Okie 2005) . Host plant resistance to pest insects, including S. pictipes, is highly desirable but has not been selected for in southeastern peach scion breeding programs, most likely because of The United States Government has the right to retain a nonexclusive, royalty-free license in and to any copyright of this article. This article reports the results of research only. Mention of trade names or commercial products in this article is solely for the purpose of providing speciÞc information and does not imply recommendation or endorsement by the United States Department of Agriculture.
1 USDA, Agricultural Research Service, Southeastern Fruit and Tree Nut Research Laboratory, 21 Dunbar Rd., Byron, GA 31008.availability and efÞcacy of broad spectrum insecticides that minimized insect pressure.
Most eastern U.S. peach scion cultivars have originated from a narrow genetic base (Scorza et al. 1985) that may decrease potential for Þnding resistance to S. pictipes. Cottrell et al. (2008) found no difference in oviposition by S. pictipes on three peach cultivars that have low consanguinity, i.e., they have no common ancestors back three generations. Peach rootstock cultivars do not share such a narrow genetic co-ancestry and may provide an opportunity to discover resistance against S. pictipes. Puterka et al. (1993) showed that peachÐalmond (P. amygdalus Batsch) hybrids had 25% less S. pictipes infestation than peach and there are many interspeciÞc hybrids (e.g., plum ϫ peach, peach ϫ almond, peach ϫ P. davidiana (Carriè re) Franch., and plum ϫ almond) available as rootstocks for commercial peach production that may provide resistance. Possibly, peach breeding programs have inadvertently increased susceptibility to S. pictipes oviposition. Both the Chickasaw plum (P. angustifolia Marsh.) and black cherry (P. serotina Ehrh.) are endemic hosts of S. pictipes but Cottrell et al. (2008) reported that S. pictipes laid a signiÞcantly higher percentage of eggs on peach than on either of them.
Our objective was to use laboratory assays to examine S. pictipes oviposition on Prunus germplasm. We conducted four experiments and made comparisons regarding oviposition on sawn limbs of these trees: 1) a peach rootstock cultivar, a plum ϫ peach hybrid rootstock cultivar, a plum hybrid rootstock cultivar and a peach scion cultivar; 2) two native Prunus spp. and a plum hybrid rootstock cultivar; 3) a plum hybrid rootstock cultivar and a decoy treatment; and 4) similar or dissimilar limb pairs of a peach cultivar and a plum hybrid rootstock.
Materials and Methods

Insects.
A laboratory colony of S. pictipes was maintained on immature apple fruits similarly as described by Reed and Tromley (1985) . These green apples (Ϸ1.9 Ð2.5 cm in diameter) are picked in late May each year from unsprayed trees at the University of Georgia, GA Mountain Research and Education Center, Blairsville, GA. Apples were maintained in a cooler at 4Ð5ЊC until used. The insect colony originally was started by collecting late instars from peach trees near Byron, GA and allowing them to complete development on green apples (Cottrell et al. 2008) . Fieldcollected larvae were periodically introduced into the colony but none of the emerged adults were used in assays. Adults used in assays were reared entirely in the laboratory on green apples. After eclosion, adults were placed into 122-by 56-by 60-cm screen cages and provided four 275-ml plastic feeding containers. Two of these containers were Þlled with 250-ml water and two with 250-ml 10% honey-water. Generic plastic scouring pads were inserted into each container to allow adultsÕ proboscises access to the liquids while preventing bodily contact. A pair of containers, water and honey-water, was placed at each end of the cage.
Treatments. Although rootstock cultivars were used in assays, roots were not used in any assay. We used sawn limbs from rootstock cultivars grown as trees. All treatment limbs used in these studies were grown at the USDA, ARS, Southeastern Fruit and Tree Nut Research Laboratory (SEFTNRL), Byron, GA. Black cherry limbs were collected from trees of unknown age along edges of woods. Chickasaw plum limbs were obtained from 7-yr-old trees (adjacent to a peach orchard) that had been transplanted as vegetative sprouts from natural plum thickets. Limbs were cut from the scaffold limbs on trees of 7-yr-old seedling ÔGuardianÕ peach rootstock, 5-yr-old ÔMP-29Õ plum ϫ peach hybrid rootstock, 8-yr-old ÔSharpeÕ plum hybrid rootstock, and 7-yr-old ÔHarvesterÕ peach scion.
Guardian (ϭÔBY520 Ð9Õ) is a peach seedling rootstock commonly used in southeastern U.S. commercial peach production. Its pedigree goes back to ÔS-37Õ (selected from an unknown ßowering peach) and ÔNemaguardÕ rootstock (Okie et al. 1994) , which is from an open-pollinated selection out of a seedlot imported as P. davidiana (Okie 1998) . Sharpe rootstock is a putative natural plum hybrid, presumably P. angustifolia ϫ an unknown plum species, discovered in the Gainesville, FL area in the 1950s (Beckman et al. 2008) . MP-29 is a recently released rootstock developed by the USDA, ARS, SEFTNRL rootstock breeding program at Byron, GA and originated from a controlled cross of ÔEdible SloeÕ plum ϫ ÔSL0014Õ peach. ÔEdible SloeÕ is a natural plum hybrid (presumably including the native southeastern plum P. umbellata) that was found in the southeastern U.S. ÔSL0014Õ is an unreleased peach rootstock breeding line. Harvester peach scion is comprised of ÔRedskinÕ ϫ ÔSouthern GlowÕ (Okie 1998) .
Preparation of Prunus test limbs for all experiments was done using techniques similar to those described by Cottrell et al. (2008) . Brießy, test limbs were 1) mechanically wounded (Ϸ27 cm 2 ) in the orchard with a hammer; 2) cut the next day [limb lengths ranged from 19 to 24 cm and limb diameters were from 3.5 to 6 cm]; 3) taken to the laboratory where both sawn ends were tightly wrapped with three layers of a ßex-ible plastic (ParaÞlm M, Pechiney Plastic Packaging, Menasha, WI); and 4) then entirely wrapped in four layers of cheese cloth. The cheese cloth made the different limbs appear visually similar. In addition, eggs from S. pictipes were easily removed from the cheese cloth by unwrapping from the limb and gently shaking over a large piece of wax paper. Any brown eggs that did not fall were easily seen against the white cheesecloth. In one experiment, a ÔdecoyÕ limb was used that visually mimicked prepared test limbs (see Cottrell et al. 2008 ). This decoy was made from a cylinder of hardware cloth (3-mm mesh) with both ends covered in plastic wrap and the cylinder wrapped in cheese cloth. Experiments started the day after limbs were cut and wrapped.
Experiments. All oviposition choice experiments were conducted in screen cages with water and honey water provided as described previously. Each of the four different choice experiments was set up as a randomized complete block design using four blocks (i.e., four cages). The arrangement of limbs within each block was randomized. When more than one trial of the same experiment was used, each trial was done on a different date with a different limb treatment randomization for each block.
Floors of cages housing the treatment limbs were lined with brown paper. Limbs were placed on white, plastic trays (54.0 by 27.5 by 3.3 cm, T.O. Plastics, Inc., Minneapolis, MN) with wounds facing upward. Depending on whether two, three, or four limb treatments were used, the group of trays holding treatment limbs were centered on the cage ßoor and trays within this group were spaced 30, 30, or 25 cm apart, respectively. Moths were introduced into cages from the laboratory colony within 1Ð2 d after eclosion; numbers of females and males used for the different experiments are provided below. Each experiment ran for 7 d with egg collections done on Monday, Wednesday, and Friday. New cheesecloth was used to wrap limb treatments, including decoy limbs, after the Þrst and second egg collection.
Experiment 1: Oviposition Choice on Limbs from Rootstock and Scion. This experiment assessed oviposition by S. pictipes on Guardian, Harvester, MP-29, or Sharpe and was conducted three times (i.e., three trials) with four replicate choice-test cages within each trial; once during 2008 (8 October-15) and twice during 2009 (4 September-11 and 16 September-23). At the beginning of each trial, the number of female and male S. pictipes added to each cage (i.e., replicate) was dependent upon availability of newly emerged adults from the laboratory colony. On the Þrst two egg collection days (e.g., on a Monday and Wednesday), dead females and males were replaced with newly emerged adults. The numbers of females and males used and maintained in each replicate of these assays were seven and eight (8 October-15, 2008) , 10 and 10 (4 September-11, 2009), and nine and10 (16 September-23, 2009), respectively. After each egg collection, eggs were counted and recorded with the cumulative total number of eggs laid during each week-long study subjected to analysis.
Experiment 2: Oviposition Choice on Wild Hosts and Rootstock. In this experiment, limbs from P. serotina, P. angustifolia, and ÔSharpeÕ were used. Two trials of the experiment were done; once from 25 September to 2 October 2009 and again from 2 October to 9 October 2009. At the beginning of each trial, enough newly emerged adults were available for 10 female and 10 male S. pictipes to be added to each cage (i.e., replicate); no additional males or females were added.
Experiment 3: Oviposition Choice on Rootstock and Decoy. In this experiment, we tested oviposition of S. pictipes when provided with a limb of Sharpe or a visually similar decoy limb, as described in the Treatments section (Cottrell et al. 2008) . One trial of the experiment was done from 3 October-10, 2008. Ten female and 10 male S. pictipes were added to each cage (replicate); no additional males or females were added.
Experiment 4: Oviposition Choice on Paired Rootstock and Scion Limbs. This experiment tested S. pictipes oviposition on individual limbs when pairs of limbs were side by side. Limb pairs were made using only limbs of Harvester, only limbs of Sharpe, or limbs of both Harvester and Sharpe. The experiment was done twice on different dates during 2009 (2 October-9 and 16 October-23). At the beginning of each trial, 10 female and 10 male S. pictipes were added to each cage (replicate); no additional males or females were added.
Statistical Analyses. At the end of a trial, total eggs recovered from each replicate, along with the number of eggs per treatment, were used to calculate percentage of eggs laid on each treatment for trials in experiments 1, 2, and 4. Converting the overall large number of eggs recovered from each trial to percentage data helped control egg density variation across trials. These percentage data were arcsine transformed (Zar 1999 ) and subjected to analysis of variance (ANOVA). When multiple trials of the same experiment were conducted, the ANOVA model consisted of three factors: trials, replicates (nested within trials) and treatments (JMP 2007) . Data from experiment 4 was analyzed using ANOVA, as explained, but here the comparisons were for the percentage of eggs on the three different limb pairs and for the percentage of eggs on limbs within a pair. When a signiÞcant treatment effect (P Ͻ 0.05) was detected, mean separation was done using TukeyÕs Honestly SigniÞcant Difference (honestly signiÞcant difference (HSD)) test at ␣ ϭ 0.05 (JMP 2007) . Non-transformed means (ϮSE) are presented. Mean oviposition on paired treatments in experiment 3 was analyzed using a paired t-test (JMP 2007) . (Fig. 1) . In fact, oviposition on Sharpe was signiÞcantly lower than any other treatment.
Results
Experiment
Experiment 2: Oviposition Choice on Wild Hosts and Rootstock. The average length (ϮSE) of cut P. serotina, P. angustifolia and Sharpe limbs was 24.3 Ϯ 0.6, 22.8 Ϯ 0.4 and 23.7 Ϯ 0.6 cm, respectively; mean diameter (ϮSE) was 4.2 Ϯ 0.2, 3.4 Ϯ 0.1 and 3.6 Ϯ 0.2 cm, respectively. Total eggs recovered from each trial numbered 4,825 and 3,121. The limb treatments did result in a signiÞcant difference in S. pictipes oviposition (F ϭ 10.80; df ϭ 2, 14; P ϭ 0.0015). SigniÞcantly fewer eggs were laid on Sharpe than on either P. serotina or P. angustifolia (Fig. 2) .
Experiment 3: Oviposition Choice on Rootstock and Decoy. The mean lengths (ϮSE) of Sharpe and decoy limbs were 19.4 Ϯ 1.2 and 20.9 Ϯ 0.2 cm, respectively; mean diameters (ϮSE) were 4.8 Ϯ 0.1 and 5.3 Ϯ 0.1 cm, respectively. In this test 1,382 eggs were recovered and a signiÞcantly higher number of them were on Sharpe than the decoy limb (t ϭ 14.12; df ϭ 3; P ϭ 0.0008). Synanthedon pictipes laid an average of 345 Ϯ 24 (mean Ϯ SE) eggs on Sharpe but only 0.5 Ϯ 0.3 eggs on the decoy limb.
Experiment 4: Oviposition Choice on Paired Rootstock and Scion Limbs. The mean lengths (ϮSE) of cut Harvester and Sharpe limbs were 21.1 Ϯ 0.5 and 22.5 Ϯ 0.2 cm, respectively; mean diameters (ϮSE) were 4.3 Ϯ 0.2 and 3.9 Ϯ 0.2 cm, respectively. The total number of eggs recovered from each trial was 5,654 and 4,530. No difference was detected for the percentage of eggs recovered from each limb when the paired limbs were both Harvester (F ϭ 0.2996; df ϭ 1,7; P ϭ 0.6011) or when both were Sharpe (F ϭ 0.63; df ϭ 1, 7; P ϭ 0.4519). However, when the pair was comprised of both a Harvester and Sharpe limb, signiÞ-cantly more eggs were recovered from the Harvester limb (F ϭ 14.99; df ϭ 1, 7; P ϭ 0.0061) (Fig. 3a) . Of all eggs recovered from the three combinations of paired limbs, a signiÞcantly lower percentage of those eggs were from pairs of Sharpe limbs than from pairs of Harvester limbs (F ϭ 5.36; df ϭ 2, 14; P ϭ 0.0187). When paired, the percentage of eggs recovered from Sharpe-Harvester was similar to both the higher percentage of eggs recovered from paired Harvester limbs and the lower percentage of eggs recovered from paired Sharpe limbs (Fig. 3b) .
Discussion
Results from the current study show that oviposition by S. pictipes varies in response to available Prunus germplasm and the results are likely explained in the 
Fig. 2. Percentage of eggs oviposited by S. pictipes on
Prunus limbs when given a choice of black cherry (P. serotina), Chickasaw plum (P. angustifolia) and the plum hybrid rootstock Sharpe. Unlike letters above columns indicate signiÞcant difference (P Ͻ 0.05). Mean separation was done using TukeyÕs HSD. context of host-plant semiochemicals that serve as attractants, oviposition stimulants, or both. Puterka et al. (1993) showed less S. pictipes infestation on peach ϫ almond hybrids than peach and Cottrell et al. (2008) reported more oviposition by S. pictipes on peach than on native Prunus species, whereas no differences were found in the rates of oviposition by S. pictipes on three different peach cultivars. In the current study, we found that oviposition was signiÞcantly different when adults were provided a peach, plum ϫ peach hybrid or plum hybrid. However, lower oviposition was not always associated with hybrid cultivars rather than nonhybrid cultivars. Nor was lower oviposition always associated with rootstock cultivars than scion cultivars. The plum ϫ peach hybrid rootstock MP-29 had signiÞcantly higher oviposition than the peach scion Harvester and the peach rootstock Guardian had signiÞcantly higher oviposition than the peach scion Harvester. Nevertheless, we did Þnd that the plum hybrid rootstock Sharpe had signiÞcantly less oviposition than any other tested germplasm.
Visual, chemosensory, and mechanosensory cues are used by S. pictipes to Þnd host plants and oviposition sites (Wiener and Norris 1982, Reed et al. 1988) . Limbs from Sharpe rootstock apparently failed to meet a semiochemical oviposition threshold in the presence of limbs from other Prunus choices when all were visually and texturally similar. Few eggs were laid on Sharpe even when tested against P. serotina and P. angustifolia; both endemic species were shown by Cottrell et al. (2008) to have less oviposition than peach. Nonetheless, Sharpe adequately serves as an oviposition substrate when no other Prunus choice is available and larvae of S. pictipes can complete development on Sharpe and all other tested Prunus limbs (T. E. Cottrell, unpublished data).
Practical use of Sharpe rootstock in a scion breeding program to develop cultivars that are less susceptible to S. pictipes appears limited. However, this information would be very practical if similar oviposition results were obtained with S. exitiosa attacking the cambium of roots. In fact, a preliminary laboratory experiment using Þeld-collected S. exitiosa females resulted in oviposition occurring on Guardian, Harvester, and MP-29, but not on Sharpe (T. E. Cottrell, unpublished data). Likewise, an evaluation of the damage on another plum hybrid rootstock (i.e., SL0040) caused by S. exitiosa larvae in an orchard was less than the damage on trees grafted on a peach rootstock cultivar (i.e., Nemaguard) (T. E. Cottrell, unpublished data). However, the trait or traits responsible for differential oviposition rates are not ubiquitous in all hybrids containing plum. This was demonstrated with signiÞcantly higher oviposition by S. pictipes on the hybrid MP-29 than on Sharpe.
Future research will continue to search for resistance to S. pictipes in scion cultivars but also will examine oviposition by S. exitiosa on Sharpe rootstock in laboratory and Þeld trials. Grafting using high budding (i.e., budding the scion higher onto a rootstock as opposed to budding at ground level) would then expose the rootstock cultivar as a trunk to females of S. exitiosa (and a to a low percentage of egg-laying S. pictipes) seeking to lay eggs on or near the trunk. The high-budded rootstock would be necessary because results from our current study and by Cottrell et al. (2008) indicate that any scion cultivar would be attractive to females for oviposition and conventional grafting of scion cultivars to rootstock cultivars at ground level could override the beneÞt of using a less susceptible rootstock cultivar. Trap trees comprised of an attractive peach scion cultivar conventionally grafted onto a rootstock cultivar might then be used to lure Synanthedon females away from the trees that were high budded using the less susceptible rootstock.
